Abstract. We present a period analysis of the four wellknown W UMa-type eclipsing binaries DK Cyg (P = 0. −10 day cycle −1 , respectively. A simultaneous solution of the B, V and R light curves was computed for V401 Cyg using the Binary Maker 2.0 synthetic lightcurve software. This solution indicates that V401 Cyg is in contact with a filing factor of 46%.
Introduction
W UMa-type eclipsing binaries are an important source of information about the evolution of close binary systems. In this paper, we report results of our observations monitoring W UMa-type eclipsing binaries with period changes (Wolf et al. 1996; Molík & Wolf 1998) . In particular, four objects with the similar brightness (V 10 mag), namely DK Cyg, V401 Cyg, AD Phe and Y Sex, are analysed here.
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Some of the observations reported in this paper were obtained at the South Africa Astronomical Observatory, Sutherland, South Africa.
With the exception of DK Cyg, which was found to be a variable star by Guthnick & Prager (1927) , the other variables were discovered by Cuno Hoffmeister. They all are well-known close binaries and their long epoch of observations gives us the possibility to study many interesting phenomena in these systems. The purpose of the present work is to present new photoelectric times of minimum light, to make a period study of these systems and to derive new light elements.
Observations and period analysis
In order to enlarge the number of times of minimum light, new observations for all three systems were carried out. Our new photoelectric photometry was performed at three observatories with the aim of securing at least two wellcovered minima for each variable:
• South Africa Astronomical Observatory (SAAO), Sutherland, South Africa: 50 cm Cassegrain telescope with Johnsons UBV filters and classical photometer; • Ondřejov Observatory, Czech Republic: 65 cm reflecting telescope with CCD camera SBIG ST-8 and Cousins R filter; • private observatory of K.H. at Lelekovice, Czech Republic: 35 cm Newtonian telescope with CCD camera SBIG ST-6V and R filter.
Photoelectric observations at SAAO were obtained with the modular photometer utilizing a Hamamatsu GaAs R943-02 photomultiplier during two weeks in August 1999. Each observation of an eclipsing binary was accompanied by observation of a local comparison star. The photoelectric measurements were done in the UBV filters of the Johnson's photometric system with a 10 s integration time. All observations were reduced to the Cousins E-region standard system (Menzies et al. 1989 ). The CCD measurements in Ondřejov were done using the standard Cousins R filter. Flat fields for the reduction of the CCD frames were routinely obtained from exposures of regions of the sky taken at dusk or dawn. Several comparison stars were chosen on the same frame as the variables. During the observations, no variations in the brightness of these stars exceeding the possible error of measurements (typical σ 0.005 mag) were detected. No correction was performed for differential extinction, due to the proximity of the comparison stars to the variable and the resulting negligible differences in the air mass.
The new times of primary and secondary minimum and their errors were determined using the least squares fit to the data by the bisecting chord method. These times of minimum are presented in Table 1 . From the Hipparcos photometry (Perryman 1997) , we were able to determine several additional moments of minimum light. They are given also in Table 1 . In this table N stands for the number of measurements used for the determination of minimum time.
Period changes in all systems were studied by means of an O−C diagram analysis. We have collected all reliable times of minimum light gathered from the literature, from current databases of AAVSO, BAV and BBSAG observers as well as from the Besançon Double and Multiple Star Database. We employed the following data reduction procedure. All photoelectric times of minimum were used with a weight of 10 in our computation. The current less precise measurements were weighted with a factor of 5, while the earlier visual and photographic times of minimum were given a weight of 1 due to the large scatter in these data.
DK Cyg
The eclipsing binary DK Cyg (also BD +33
• Guthnick & Prager (1927) . The first photoelectric observations were made by Hinderer (1960) . Binnendijk (1964) in his photometric study derived linear light elements:
Pri. Min. = HJD 24 37999.5838 + 0.
and found the change of the secondary minimum depth. The period study of DK Cyg was published by Paparo et al. (1985) . They showed that the orbital period was increasing and calculated the first parabolic light elements:
Pri. Min. = HJD 24 37999.5828 +0.
The next photoelectric study was published by Awadalla (1994) who refined the light elements:
Pri. Min. = HJD 24 37999.58249
and confirmed the light curve variability. See also that paper for further details and a historical review of other observations. The first spectroscopic study and radial velocity curve analysis was presented by Rucinski & Lu (1999) who found q = m 2 /m 1 = 0.325. Recently, updated linear ephemeris of DK Cyg was presented by Kiss et al. (1999) :
Pri. Min. = HJD 24 51000.0999 + 0.
All photoelectric times of minimum light published in Hinderer (1960) , Binnendijk (1964) , Paparo et al. (1985) , Agerer (1988 Agerer ( , 1990 Agerer ( , 1992 , Awadalla (1994) , Agerer & Hübscher (1995 and Hegedüs et al. (1996) , as well as new timings given in Table 1 The O−C residuals for all times of minimum with respect to the linear ephemeris are shown in Fig. 1 . The non-linear fit, corresponding to the light elements given above, is plotted as a continuous curve. The period increase resulting from these elements is dP/dE = 1.15 10 −10 day/cycle or 8.92 10 −8 day/year or 0.8 seconds/century. Because the long-term increase in orbital period is usually explained by mass transfer from the secondary to the primary component, we calculated the value of this supposed mass transfer for DK Cyg. If the mass transfer is conservative with no magnetic field we determine the mass transfer rate dM/dt = 2.86 10 −8 M /year for a total mass of the system M 1 + M 2 = 2.0 M and the mass ratio q = 0.325 (Rucinski & Lu 1999) .
V401 Cyg
The eclipsing binary V401 Cyg (also BD +30 Hoffmeister (1929) and for a long time it was misclassified as RR Lyrae type variable with period 0.2895 days. Lurye (1947) found its eclipsing binary nature and derived the light elements with the correct period:
Pri. Min. = HJD 24 28838.382 + 0.
Early photoelectric observations were obtained by Spinrad (1959) in June 1958 at Berkeley. He confirmed the eclipsing nature of its variability and found a colour index B − V = 0.27 mag. Next B, V photoelectric photometry was obtained by Purgathofer (1964) in its period. This led him to the calculation of the new quadratic ephemeris:
Pri. Min. = HJD 24 34215.693 +0.
A period study of V401 Cyg was presented also by Herczeg (1993) , who reported several photoelectric times of minima and confirmed that the period was still increasing. He also derived the corrected quadratic light elements:
Pri. Min. = HJD 24 34215.695 +0.
All times of minimum light given in Herczeg (1993, his The O−C residuals for all times of minimum with respect to the linear ephemeris are shown in Fig. 2 . The non-linear fit, corresponding to the light elements given above is plotted as a continuous curve. The period increase dP/dE = 1.48 10 −10 day/cycle or 9.26 10 −8 day/year or 0.8 seconds/century resulting from these elements is relatively large for a W UMa-star. Assuming the value of mass ratio q = 0.3, resulting from our light curve analysis, and a total mass M 1 +M 2 = 1.8 M , one can obtain a mass-exchange rate for this binary dM/dt = 2.03 10 −8 M /year. The B and V light curves of V401 Cyg published by Purgathofer (1964) , as well as our R light curve, have been used simultaneously for the determination of the geometric and photometric elements using the Binary Maker 2.0 reduction software (Bradstreet 1993 ). This program, based on the Wilson-Devinney algorithm, is used for a preliminary analysis of light curves by graphically producing models of close binaries. First, the observed points ordered in phase were combined into 177 normalized binned points in each colour. Based on the GCVS's spectral classification of the primary component, F0, and the colour index B − V = 0.36 mag (Purgathofer 1964) , the temperature Purgathofer (1964) . The continuous line represents the light-curve solution with parameters given in Table 2 . The shift of the secondary minimum from the phase 0.5 is clearly visible was adopted to be T 1 = 6700 K. The other adopted parameters are the gravity-darkening coefficients g 1 = g 2 , the albedoes A 1 = A 2 and the linear limb-darkening coeficients x 1 and x 2 . We adjusted the following parameters: the mass ratio q = M 2 /M 1 , the potential function Ω 1 , Ω 2 , the temperature of the secondary component T 2 , and the orbital inclination i. The final solution is given in Table 2 ; the uncertainty in the inclination is about ±2 degrees and the difference in temperature is known to about ±10%, both dependent on the mass ratio. The computed light curve based on these elements is shown in Fig. 3 . This model takes into account a constant interval of brightness in the secondary minimum announced by Herczeg (1993) and confirmed by our observations (d R 35 min, see Fig. 4 ). The geometrical representation of V401 Cyg at phase 0.25 is displayed in Fig. 5 . 
AD Phe
The eclipsing binary AD Phe (also • 42 31.3 , V max = 10.29 mag) is a relatively seldom investigated southern system. It was discovered to be variable star photographically by Hoffmeister (1963) . Strohmeier & Bauernfeind (1969) They also obtained a photometric solution, which was insensitive to the mass ratio. To our knowledge this star has not been studied spectroscopically since its discovery. More than 15 years have elapsed since its last study, thus AD Phe was also included in our photometric program at SAAO. Apart from the eclipses included in Table 1 by Cerruti (1986) we have adopted, for a new O−C diagram analysis, the minima given in McFarlane & Hilditch (1987) and new timings resulting from the Hipparcos photometry. Using this data base, which includes 56 times of minima we improved the linear light elements after JD 2444800 Pri. Min. = HJD 24 45998.4292 + 0.
±0.0002 ±0.00000002 which can serve also for the prediction of future times of minima. The corresponding O−C diagram is plotted in Fig. 6. 
Y Sex
The eclipsing binary Y Sex (also HD 87079, BD +01
• 2394 , HIP 49217, PPM 156443, AN 358.1934 , FL 1156 α 2000 = 10 h 02 m 48.0 s , δ 2000 = +01
• 05 40.3 , V max = 9.97 mag; Sp. F8) is a relatively bright and well-known A-type contact binary with an extremely low mass ratio. It was discovered to be a variable star by Hoffmeister (1934) . Later, the system was observed photographically by Prikhodko (1947) and Gaposchkin (1953) . The first photoelectric observations of Y Sex were presented by Tanabe & Nakamura (1957) and Hill (1979) who derived a relatively low value of the mass ratio of the components q = 0.175. Radial velocities were obtained by McLean & Hilditch (1983) , resulting in q = 0.18 ± 0.03, with good agreement with the photometrically determined value. Herczeg (1993) , in his period study, derived these linear light elements:
Pri. Min. = HJD 24 34445.9912 + 0.
Recently, another period study of Y Sex was published by Qian & Liu (2000) . They presented the quadratic light elements
Pri. Min. = HJD 24 34445.9786
and interpreted the secular decrease of the period as mass transfer from the more to the less massive component or mass and angular momentum loss from the system. Surprisingly, the spectral type F8 given in Hill (1979) and mentioned also in Herczeg (1993) doesn't agree with the mass determination by Kaluzny (1985) , M tot = 0.81 M . Apart from the eclipses included in Table 1 by Herczeg (1993) we have adopted, for a new determination of the period change of Y Sex, the numerous minima given by Agerer (1986 Agerer ( , 1988 Agerer ( , 1989 Agerer ( , 1991 Agerer ( , 1992 Agerer ( , 1993 , Agerer & Hübscher (1998a , 1998b , Agerer et al. (1999) and Diethelm (1995) . Using this data base, which includes 42 more reliable timings, we propose another explanation of the current O−C diagram in Fig. 7 . The sinusoidal variation of the period is remarkable and could be caused by a light-time effect. A preliminary analysis of the third body orbit gives the following parameters:
P 3 (period) = 21 050 ± 50 days, i.e. 57.6 years; T 0 (time of periastron) = JD 2450150 ± 50; A (semiamplitude) = 0.0181 ± 0.0002 day; e 3 (eccentricity) = 0.52 ± 0.06; ω 3 (length of periastron) = 320.0
These values were obtained together with the new mean linear ephemeris Pri. Min. = HJD 24 34445.9695 + 0. ±0.0002 ±0.00000001 by the least squares method. Assuming a coplanar orbit (i 3 = 90
• ) and a total mass of the eclipsing pair according to the spectral type F8, M 1 + M 2 = 1.2 M (Harmanec 1988) , we can obtain a lower limit for the mass of the third component M 3,min . The value of the mass function is f (M ) = 0.0120 M , from which the minimum mass of the third body follows as 0.3 M . A possible third component of spectral type M4-M5 with the bolometric magnitude about +9.6 mag could be practically invisible in this system with an F8 primary (M bol +3.9 mag). Therefore, new high-accuracy timings of this eclipsing binary are necessary in order to confirm the light-time effect in this system.
Conclusions
We derived updated light elements for four W UMa type eclipsing binaries by means of an O−C diagram analysis. It was shown that the periods of all four systems exhibit different kind of changes.
In the case of DK Cygni, the derived value of the period increase is in excellent agreement with the result of Awadalla (1994) . Our observations confirm the steady transfer of mass. V401 Cyg shows a relatively large increase in orbital period for W UMa-type binaries. Our mass transfer value is in good agreement with the previously obtained value by Herczeg (1993) . Concerning the orbital and physical parameters, the system of V401 Cyg seems us to be similar to the system DK Cyg. According to the widely accepted theory, W UMa systems undergo periodic thermal relaxation oscillations (TRO theory, Lucy 1976; Flannery 1976) . Each of these oscillations comprise a contact phase, when the mass flows into the primary component, and semidetached configuration, when the mass transfer is opposite. This cyclic exchange of mass has a period of 10 7 years. The list of other short-period eclipsing binaries with a long-term continuous increase in orbital period, ordered according to the value of dP/dE, is given in Table 3 .
The period of AD Phe seems to be constant in the observed time interval. Our new observations at SAAO do not support the continuous shortening of the period proposed by Cerruti (1986) . Further monitoring of this seldom-observed southern system could reveal other possible period variations.
Y Sex, as noticed by Kaluzny (1985) , has one of the shortest orbital periods for such a spectral type (F8).
In this position in the period -colour diagram, one would expect an unevolved system with components with similar masses, but Y Sex seems to be evolved above ZAMS and its mass ratio is 5.5:1. The explanation of this paradox remains unknown. Period changes of Y Sex could be explained by a light-time effect caused by a third body on the eccentric orbit with a period of about 58 years. More high-accuracy timing of these systems are necessary in the future to enlarge the time span for a better analysis of period changes, especially for Y Sex, where the action of a third body in an eccentric orbit is predicted.
